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(54) Method for producing nuclear fuel pellets of the mox type 


(57) This invention refers to a method for producing 


of substeps: 


nuclear fuel pellets of the MOX (mixed plutonium and 




uranium oxide) type, comprising the steps of 


a) preparation of an aqueous solution of uranyl ni- 




trate to which between 0.5 and 2 wt% of organic 


preparing an U-Pu oxide blend powder having a Pu 


thickeners are added such that the viscosity of the 


content in excess of the finally desired value, 


solution is adjusted to values between 20 and 100 


preparing an uranium oxide powder. 


centipoise, 


mixing adequate quantities of both powders in order 


b) dispersion of the solution into droplets, 


to achieve the desired plutonium content, 


c) introducing said droplets into a hydroxide bath, 


compacting and sintering the mixture for obtaining 


d) washing the resulting beads, 


said pellets. 


e) drying the beads by azeotropic distillation using 




an immiscible organic solvent, 


According to the Invention the step of preparing the 


f) thermal treatment of the beads In an oxidising at- 


uranium oxide powder involves the following sequence 


mosphere, 




g) thermal treatment in a reducing atmosphere. 
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Description 

[0001] This invention refers toa nnethod for producing 
nuclear fuel pellets of the MOX (= mixed oxide) type, 
connprising the steps of 

preparing an U-Pu oxide blend powder having a Pu 
content In excess of the finally desired value, 
preparing an uranium oxide powder, 
mixing adequate quantities of both powders in order 
to achieve the desired plutonium content, 
compacting and sintering the mixture for obtaining 
said pellets. 

[0002] Such a method is known under the term MI- 
MAS ("Mlcronized MASter Blend" - see for example D. 
Haas. M. Lippens "MOX FUEL FABRICATION AND IN- 
REACTOR PERFORMANCE", Proc. of the Intemat. 
Conference on Future Nuclear Systems, GLOBAL 97, 
p.489 ^ 494). This separate preparation of a powder free 
of Plutonium reduces the volume of plutonium contain- 
ing powder that has to be milled, and allows the produc- 
tion of fuel pellets of various plutonium contents with a 
unique plutonium treatment chain by changing only the 
rate of admixed uranium powder. 
[0003] The commercial powders currently used, how- 
ever, result in a final product which is heterogeneous, i. 
e. contains large particles rich in plutonium oxide dis- 
persed within an uranium oxide matrix whose grain size 
is below 10 ^m. This heterogeneity leads to two major 
drawbacks: 

[0004] During irradiation localised higherfissile mate- 
rial concentrations lead to high local burnups, to fission 
damages and to gas release. To limit this gas release 
large UO2 grains are recommended, provided that they 
are produced without additives that might lead to detri- 
mental fuel behaviour during irradiation and might also 
lead to difficulties during reprocessing. 
[0005] During reprocessing the dissolution of the 
burned-up fuel in nitric acid is hindered by regions rich 
in plutonium, which is notoriously insoluble. 
[0006] The present invention aims to overcome these 
drawbacks and to propose a method as indicated above 
which leads to fuel pellets of the MOX type in which the 
distribution of plutonium throughout the pellet is sub- 
stantially more homogeneous. 

[0007] This aim is achieved by the method as defined 
in claim 1 . As far as preferred embodiments of this meth- 
od are concerned, reference is made to the secondary 
claims. 

[0008] The invention will now be described in detail 
by means of preferred embodiments. 
[0009] In agreement with the known MIMAS method 
as cited above, the method according to the invention 
implies the separate preparation of a Pu-U oxide powder 
on the one hand and an uranium oxide powder free of 
plutonium on the other hand. 

[0010] According to a first embodiment the Pu-U ox- 



ide powder is prepared conventionally by mechanically 
milling PUO2 and UOg materials, whereas the UO2 pow- 
der is prepared as follows: 

[0011] To an aqueous solution of uranyl nitrate small 
5 amounts, i.e. between 0.5 and 2 wt%, of organic thick- 
eners are added, such as methocel, dextran, polyvinyl 
alcohol, such that the viscosity of the solution is adjusted 
to values between 20 and 100 centipoise. There-after, 
this solution is dispersed Into droplets, which are Intro- 
10 duced into an ammonia bath. In this bath, due to the 
network formed by the long chain organic polymers, pre- 
cipitation occurs within the original droplets, so that 
nearly spherical beads are formed. The size of these 
beads depends on the size of the droplets produced dur- 
ing dispersion. In a preferred embodiment these beads 
present diameters of between 20 and 50 ^m. These 
beads are then washed to remove nitrate salts (ammo- 
nium nitrate salts in the above example) and organic pol- 
ymers, and are subjected to an azeotropic distillation us- 
20 Ing an immiscible organic solvent such as C2CI4 to re- 
move water. 

[0012] Once dried the beads are in a hydroxide form, 
from which they are converted to oxide by a thermal 
treatment of between 2 and 6 hours duration and at 

25 about 400°C in air. Thereby residual organic polymers 
are pyrolysed. The beads are then again submitted to a 
thermal treatment of between 4 and 8 hours duration, 
this time at about BOO^C and in a reducing atmosphere 
of Ar/57oH2, to convert U30e to UOg. 

30 [0013] The beads can be produced by conventional 
uranium processing facilities (no a contamination). They 
are free flowing, dust free and do not require any further 
mechanical treatment such as milling prior to mixing with 
the powder containing plutonium. The homogeneity of 

35 the finally produced fuel can further be enhanced by 
sieving the beads and retaining only beads with diame- 
ters in the range of 20 to 50pm. Alternatively this result 
can also be achieved by using a droplet dispersion de- 
vrce which produces droplets of well defined size such 

^0 that the bead diameters remain within said range and 
no sieving becomes necessary. 
[0014] Once mixed the MOX powder is compacted in- 
to pellets by using a press which applies a pressure of 
between 200 and 600 MPa. These pellets are then sin- 

45 tered at high temperature, preferably at 1 700**C, in a hu- 
midified Ar/H2 atmosphere, the hydrogen content of 
which lies between 1 and 6% and the water vapour in- 
troduction should result in a ratio of the partial Hg pres- 
sure to the water vapour partial pressure of between 20 

so and 60. The water allows to control the oxygen potential 
of the gas atmosphere which results in an enhanced dif- 
fusion and in a more homogeneous fuel thus enabling 
a longer burn-up in the reactor. 
[001 5] According to a variant of the method the pow- 

S5 der containing an excess content of plutonium can be 
prepared in the same way as above described for the 
uranium oxide powder, but by starting with uranyl-pluto- 
nlum nitrate instead of uranyl nitrate. 
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[0016] The inventive method can be realised In con- 
ventional MOX fabrication facilities and conserves all 
the advantages of the MIMAS process but does not suf- 
fer from the drawbacks of this process as nnentioned 
above. 



Claims 

1. A method for producing nuclear fuel pellets of the 
MOX (mixed plutoniunn and uranium oxide) type, 
comprising the steps of 

preparing an U-Pu oxide blend powder having 
a Pu content in excess of the finally desired val- 
ue. 

preparing an uranium oxide powder, 
- mixing adequate quantities of both powders in 
order to achieve the desired plutonium content, 
compacting and sintering the mixture for ob- 
taining said pellets* 

characterized In that the step of preparing the ura- 
nium oxide powder Involves the following sequence 

of substeps: 

a) preparation of an aqueous solution of uranyl 
nitrate to which between 0.5 and 2 wt% of or- 
ganic thickeners are added such that the vis- 
cosity of the solution Is adjusted to values be- 
tween 20 and 100 centipoise, 

b) dispersion of the solution into dropletis, 

c) introducing said droplets into a hydroxide 
bath, 

d) washing the resulting beads, 

e) drying the beads by azeotropic distillation us- 
ing an immiscible organic solvent, 

f ) thermal treatment of the beads in an oxidising 
atmosphere, ... 

g) thermal treatnrient in a reducing atmosphere. 

2. . A method according to claim 1 , characterized in that 

the step of preparing an U-Pu oxide blend powder 
consists in milling and mixing adequate quantities 
of uranium oxide and plutonium oxide. 

3. A method according to claim 1 , characterized in that 
the step of preparing the U-Pu oxide blend powder 
involves the following sequence of substeps: 

a) preparation of an aqueous solution of uranyl- 
plutonium nitrate to which small amounts of or- 
ganic thickeners are added in order to adjust 
the viscosity of the solution to values between 
20 and 100 centipoise, 

b) dispersion of the solution into droplets, 

c) introducing said droplets Into a hydroxide 
bath. 
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d) washing the resulting beads, 

e) subjecting the beads to an azeotropic distil- 
lation using an immiscible organic solvent, 

f) thermal treatment of the beads in an oxidising 
atmosphere, 

g) thermal treatment in a reducing atmosphere. 

A method according to anyone of the preceding 
claims, characterized in that in substep a) the or- 
ganic thickeners are selected among methocel, 
dextran and polyvinyl alcohol. 

A method according to anyone of the preceding 
claims, characterized in that in substep c) the hy- 
droxide bath consists of ammonia. 

6. A method according to anyone of the preceding 
claims, characterized in that in substep f) the ther- 
mal treatment in an oxidising atmosphere Is per- 
formed at about 400"C and in air. 

7. A method according to anyone of the preceding 
claims, characterized In that in substep g) the ther- 
mal treatment in a reducing atmosphere is per- 
formed at about BOO'C, the reducing atmosphere 
containing an inert gas with a hydrogen content be- 
tween 1 and 6%. 

8. A method according to anyone of the preceding 
claims, characterized in that compacting of the pow- 
der mixture into pellets is obtained by applying a 
pressure of between 200 and 600 MPa. 

9. A method according to anyone of the preceding 
claims, characterized in that the sintering of the pel- 
lets takes place at a temperature above 1200*C, 
preferably between 1600 and 1700**C, and in a hu- 
midified Ar/H2 atmosphere, the hydrogen content 
lying between 1 % and 6% and the ratio between the 
partial pressures of hydrogen and water vapour be- 
ing selected between 20 and 60. 

10. A method according to anyone of the preceding 
claims, characterized in that before mixing ade- 
quate quantities of both powders, the UOg-powder 
is sieved in order to retain only beads with diame- 
ters between 20 and SOjom size. 
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